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Chiral copper complex and production processes thereof and using the same 

Field of the invention 

The present invention relates to a chiral copper complex, the 
production process thereof using chiral salicylidene ligands and asymmetric 
synthesis of cyclopropane-carhoxyUc acid compound using the complex as a 
catalyst. 

Background of the Invention 

As a process for producing an optically active cyclopropanecarboxylic 
acid ester derivative, there have been known a process of reacting an olefin 
with a diazoacetic acid ester in the presence of a certain 
salicylideneaminoalcohol copper complex catalyst (JP-A 59-225194). 

Sxunmary of the Invention 

According to the present invention, an industrially suitable chiral 
copper complex comprising an optically active salicylidenaminoalcohol 
compound can be readily produced. Said complex is more stable to an oxide 
that can be contained in a cyclopropanation reaction system, reducing 
adverse effects of such an oxide and said salicylidenaminoalcohol compound 
can be recovered after said reaction in an improved yield. 

The present inventioji provides: 

1. an optically active salicylideneaminoalcohol compound of formula 



wherein Ri represents 

an alkyl group which may be substituted with a group selected from 
an alkoxy group, an aralkyloxy group, an aryloxy group and cycloalkoxy 
group, 

an aralkyl, aryl or cycloalkyl group all of which may be substituted 
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with a group selected from an alkyl group, an alkoxy group, an aralkyloxy 
group, an aryloxy roup, and a cycloalkoxy group, 
represents 
an alkyl group, a cycloalkyl group, or 
5 an aralkyl or phenyl group which may be substituted with a group 

selected from an alkyl group, an alkoxy group, an aralkyloxy group, an 
aryloxy group and a cycloalkoxy group, 

when Xi represents a nitro, X2 is a hydrogen atom, 
when Xi represents a chlorine atom. X2 is a chlorine atom, and 
10 when Xi is a hydrogen atom, X2 is a fluorine atom, and 

the carbon atom denoted by " * " is an asymmetric carbon atom 
having either an S or R configuration, 

2. a process for producing an optically active 
salicylideneaminoalcohol compound as defined above, 
15 which comprises reacting 

an optically active amino alcohol of formula (2): 

H2N OH (2) 

wherein Ri, R2 and " * " have the same meaning s as defined above , with 
20 a 2-hydroxybenzaldehyde derivative of formula (3)- 




^2 (3) 

wherein when Xi and X2 are the same as defined above, 



3, a chiral copper complex prepared from a mono-valent or di-valent 
;5 copper compound and an optically active salicylideneaminoalcohol compound 

(l) as defined above, 

4. a method for producing a chiral copper complex of formula (1)'^ 
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(1)' 



wherein Ri aud R2 are the same or different and independently represent 
an alkyl group, an aralkyl group, a phenyl group, a 2-oiethoxyphenyl group, 
5 a 2'tGrt-buto3q^-5-tert"butylphenyl group, or a 2"octyloxy-5-tert-butylphenyl 
group; 

when Xi represents a nitro group, X2 is a hydrogen atom, 
when Xi represents a chlorine atom, X2 is a chlorine atom, and 
when Xi represents a hydrogen atom, X2 is a fluorine atom 
10 the carbon atom denoted by " * is an asymmetric carbon atom 

having either an S or R configuration, 

which comprises contacting a di-valent copper compound, in an inert 

organic solvent, with a chiral salicylideneaminoalcohol compound of formula 



wherein Ri, R2 Xi, X2 and " * " respectively have the same meaning as defined 
above, and 



(1): 



15 




(1) 



20 



5. a method for producing an optically active 
cyclopropane carboxylic acid ester of formula (4): 




CO2R7 



R4 Re (4) 
wherein R3, R4, Rs, Re and R? are as defined below, 

which comprises reacting a prochiral olefin of formula (5): 
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wherein R3, R4, Rs and Re are as defined below, with a diazoacetic acid 
5 ester of formula (6) ■ 

N2CHCO2R7 (6) 

wherein R? is as defined below, in the presence of a chiral copper 
10 complex as defined in item 3 ox 4, 

wherein R3, R4, R5 and Re independently represent 
a hydrogen atom, 
a halogen atom, 

a (Cl'C8)alkyl group which may be substituted with a halogen atom 
15 or a lower alkoxy group, 

a (C4-C8)cycloalkyl group, 

an aryl group which may be substituted with a halogen atom or a 
lower alkoxy group, 

an alkoxy group, 

20 Ra and R4, or R5 and Re may be bonded at their terminals to form an 

alkylene group having 2-4 carbon atoms, and 

one of R3, R4, Rb and Re groups represents an alkenyl group which 
may be substituted with a halogen atom, an alkoxy group or an alkoxy 
carbonyl group, of which alkoxy may be substituted with a halogen 

25 atom or atoms, 

provided that when Rs and R5 are the same, R4 and Re are not the 
same, and 

R? represents an alkyl group having 1 to 8 carbon atoms, 

a cycloalkyl group which may be optionally substituted with a 
30 lower alkyl group, 

a benzyl group which may be optionally substituted with a 
lower alkyl group, a lower alkoxy group, a phenoxy group or 
a halogen atom, 

a phenyl group which may be optionally substituted with a 
35 lower alkyl group, a lower alkoxy group or a phenoxy group, 
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Detailed Description 

First, a description will be made to the optically active 
salicylideueaminoalcohol compound of formula (1) as defined above. 
5 Examples of the alkyl group which may be substituted with a group 

selected from an alkoxy group, an aralkyloxy group, an aryloxy group, and a 
cycloalkoxy group, represented by Ri, include 

a (Cl'C8)aUkyl group (e.g., a methyl, ethyl, n-propyl, i'propyl, n-butyl, 
i-butyl, sec-butyl, t-butyl, n-pentyl, n-hexyl, u-pentyl, n^octyl, n-nonyl, or 
10 n-decyl group) which may be substituted with a group selected from a 
(Cl-C4)alkoxy group(e.g., a methoxy, ethoxy, n-propoxy, i-propoxy, n butoxy, 
i-butoxy, sec'butoxy, or t-butoxy group), 

a (C7-Cll)araIkyloxy group(e.g., a benzyloxy, or naphthylmethyloxy 

group), 

15 a (C6"Cll)aryloxy group(e.g., a phenoxy, or naphthoxy group) and 

a (C4C6)cycloalkoxy group(e.g., cyclobutyloxy, cyclopentyloxy, 
cyclohesyloxy group). 

Examples of the aralkyl group, the aryl group, and the cycloalkyl 
group, all of which may be substituted with a group selected from an alkyl 
20 group, an alkoxy group, an aralkyloxy group, an aryloxy group, and a 
cycloalkoxy group include 

a (C7'Cll)araIkyl group(e.g„ a benzyl, or naphthylmethyl group), 
a (C6'C10)aryl group(e,g„ a phenyl, or naphthyl group, 
a (C4-C6)cycloalkyl group(e.g., a cyclobutyl, cyclopentyl, or cyclohexyl 
25 group), all of which may be substituted with a group as specified above. 

The alkyl group represented by Ra has the same meanings as defined 
above for the (Cl'C8)alkyl group. 

The cycloalkyl gi'oup, and the aralkyl or phenyl group which may be 
substituted with a group selected from an alkyl group, an alkoxy group, an 
30 aralkyloxy group, an aryloxy group and a cycloalkoxy group represented by 
Ra have the same meanings as defined above for R^. 

Among the optically active salicylideneaminoalcohol compound of 
formula (l), Ri and R2 are preferably an alkyl group (e.g. lower alkyl groups 
having 1 to 4 carbon atoms such as methyl group, ethyl group, n-propyl group, 
36 isopropyl group, n-butyl group, tert^butyl group or the like), an aralkyl group 
( .g., a benzyl group), an aryl group (e.g., a phenyl group, a 2-methoxyphenyl 
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group, a 2-tert-butoxy5-tert-butylphenyl group or 
a 2-octyloxy5-tert-butylphenyl group). 

Specific examples the optically active salicyUdeneaminoalcohol 
compound of formula (l) include optically active 

5 N-(3fluorosaHcyliden)-2-amino-l,l-di(2-butoxy5-t-butylpheny])-l-propanol, 
N-(3-fluorosalicyliden)-2-amino-l.l-di(2-octyloxy5-t-butylp]ienyD-l-propanol, 

N-(3'fluorosalicyUden)-2-amino-l,l-di(2-butoxy-5-t-butylplienyl)-3-plienyl-l- 

propanol, 

N-(3-fluorosaHcyliden)-2-amino- 1, 1 ■di(2-methoxyphenyl)-l-propanol, 
10 N-(3-fluorosalicyUden)-2-amino- 1, 1-diphenyl- l-propanol, 

N-(3-fluorosalicyUden)-2-amiixo-l,l-di(2-ben2yloxy-5-metliylphenyl)-3-(4-isopr 
opoxyphenyD- 1-propanol, 

N-(3-fluorosali<yliden)'2-amiao-l,l'diphenyI-3-phenyl-l-propanol, 

N-(3-fluorosalicyUden)-2-amino-l,l-di(2-niethoxyphenyl)-3-m6thyl-l-butanol. 

15 N-(3,5-dichloro8alicylidene)-2-amino-l,l-diphenyM-propanol, 

N(3,5-dichlorosalicylidene)-2-amino-l,l-di-(2-methoxyplienyI)-l-propanol 

N-(3,5-dichlorosalicylidene)-2-amino-l,l-di(5-tertbutyl-2-tert'butoxyphenyl)- 
3-phenyl- Ipropanol, 

N-(3,5-diohlorosalicylidene)-2-amino-l,l-di-(5-tert-butyl-2-octyloxyphenyl)-l- 
20 propanol 

N-(3,5'dichlorosalicyUdene)-2-amiiio-l,l-di(2-methoxyphenyl)-3-methyl-l- 
butanol, 

N-(5-mtrosaHcyliden)-2-amino- 1, 1-diphenyM -propanol, 
N-(5-mtrosaUcyUden)-2-amino- 1, l-diphenyl-3-phenyl- 1-propanol, 

25 N(5-nitro8alicyUden)-2-amino-l,l-di(2-butoxy5-t-butylpheny0-3-phenyH- 

propanol, 

N-(5-nitrosalicyliden)-2-amino-l,l-di(2-bentyloxy-5-methylphenyl)-3- 
(4-i30propoxyphenyl)-l-propanol, 

N-(5-nit3:osaHcyliden)-2-ainino-l,l-di(2-methoxyphenyD-l-propanol, 

30 N-(5-mtrosalicyUden)-2-amino-l.l-di(2-fbutyl-4methylphGnyD-3-piienyl-l- 
propanol, 

N-(5-nitrosaHcyIiden)-2-amino-l,l-di(4-t-butylphenyl)-l-propanol. 

N-(5-nitrosaUcylideu)-2-amino-l.l-di(2-methoxyphenyD-3-metliyl-l-propanol, 
N-(5-nitrosalicyUdene)-2-amino-l, l-di-(5-tert-butyl-2-octyoxyphenyl)- 1- 
35 propanol, 

N-(5-nitrosaUcyIidene)-2-aminol,l-di(5-tert-butyl-2-tert-butoxyphenyl)-3- 
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phenyl" l"propanol, 

N-(5-mtrosaUcylidene)-2-amino-l,l-di(5-tert-butyl-2-tert^ 
methyM-butanol and the like. Said optically active compounds have either 
an S configuration or R configuration with respect to the carbon atom 
5 denoted by " * " in the formula above. 

Next, a description will be made to the process for producing the 
optically active salicylidenGaminoalcohol compound of formula (1) comprising 

reacting an optically active amino alcohol of formula (2) with a 

salicylaldehyde derivative of formula (3) as defined above. 
10 The optically active amino alcohol compound of formula (2) to be used 

in this process include those having Ri and R2 groups as specified above and 

specific examples thereof include optically active 

2-amino- 1, 1-diphenyM-propanol, 

2-amino- 1, l-di(2-meth03cyphenyl)-l-propanol, 
15 2-amino'l, l-di(2-isopropoxyphenyl)-l-propanol, 

2-amino-l, l-di(2-hutoxy'5-t-butylphenyl)- 1-propanol, 

2-amino- l,l'diphenyl-3-phenyM'propanol, 

2-amino-l,l-di(2-methoxyphenyl)-3-phenyM-propanol, 

2-amino"l,l*di(2-isopropoxyphGnyl)-3-phenyl-l-propanol, 
20 2-ainino-l,l-di(2-butoxy"5't-butylphenyl)-3-phGnyl-l-propanol, 

2-amino-l,l-di(2-methoxyphenyl)-3-phenyl-l-butanol, 

2- amino- 1 , 1 •di(2-butoxy 5't-butylphenyl) - 1 'pTop anol, 

2-amino"l,l-di(2-octyloxy-5-t-butylph©nyl)'l-propanol, 

2"amino-l,l-di(2-butoxy-5-t-butylphenyl)-3-phenyl-l-propanol, 
25 2-amino- 1 , l-di(2-methoxyphenyl)- Ipropanol, 

2''amino- 1, 1 -di(2-benzyloxy"5-methylphenyl) •3"(4-isopropoxyphenyl)' 1 • 

propanol, 

2"amino-l,l-di(2-methoxyphenyl)-3"methyM-butanol, 
2'amino'l,l-di(2-t-butyl-4-methylphenyl)-3-phenyM -propanol, 
30 2-amino-l,l-di(4-t-butylpheny0^1'propanol, 

2-amino-l,l-di(2-methoxyphGnyl)-3'methyl-l*propanol and the like. 

The reaction of the optically active amino alcohol (2) with the 
salicylaldehyde derivative (3) is usually conducted at 20 to 150*C, preferably 
50 to 120t:. 

35 Said reaction is usually conducted by contacting the optically active 

amino alcohol with the slicylaldehyde derivative (3) in an organic solvent, 
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examples of which include 

an aromatic hydrocarbon solvent such as toluene, xylene or the like, 
a halogenated hydrocarbon solvent such as chlorobenzene, 

dichloromethane, dichloroethane or the like, 
5 an alcohol solvent such as methanol or the like, 

an aliphatic hydrocarbon such as hexane, heptane, cyclohexane or the 

like, 

an ether such as diethylether, methyl-t-butylether or the like, an 
ester such as methyl acetate, ethyl acetate or the like, and a mixture thereof. 
10 An amount thereof to be used is not particularly limited* 

An amount of the slicylaldehyde derivative to be used is usually 1 to 2 
moles, preferably 1 to 1.5 moles per mol of the opticaDy active amino alcohol 
of formula (2). 

The salicylidenaminoalcohol of formula (l) is usually contacted with a 
15 mon-valent or di-valent copper compound to produce a chiral copper complex 
in a solvent. 

Examples of the mono"valent or di-valent copper compound include 
a copper salt of an organic carboxylic acid having 2 to 15 carbon 
atoms such as copper acetate, copper naphthenate, copper octanoate and the 
20 like, and 

a copper salt such as copper chloride, copper bromide, copper nitrate, 
copper sulfate, copper methanesulfonte, copper trifluoromethanesulfonate, 
copper cyanate, or copper carbonate, and copper oxide, and a mixture thereof. 

Examples of the solvent include a halogenated hydrocarbon such as 
25 dichloromethane, dichloroethane, chloroform, carbon tetrachloride or the like, 
and an aromatic hydrocarbon such as toluene, xylene or the like , an ether 
such as diethylether, methyl- t butylether or the like ,an ester such as methyl 
acetate, ethyl acetate or the like, and a mixture thereof. An amount thereof 
to be used is not particularly limited and is usually 2 to 500 parts by weight 
30 per 1 part by weight of the copper compound. Prochiral olefins of formula (6) 
to be used in the next cyclopropanation step may also be used as a solvent. 

An amount of the optically active salicylideneaminoalcohol compound 
of formula (1) to be used is usually 0.5 to 5 moles, preferably 0,8 to 2.5 moles 
per mol of the copper compound. The reaction temperature is usually 10 to 
35 120°C, preferably 20 to lOO^C. 

After completion of the reactiouj the resulting reaction mixture 
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containing the desired chiral copper complex may be used as it is in a 
solution form in the subsequent cyclopropanation reaction, or it may be 
washed with an aqueous alkali solution (e.g, aqueous solution of sodium 
hydrogencarbonate, sodium hydroxide, potassium hydroxide, sodium 
5 carbonate, potassium carbonate or the like) and the evaporated to give the 
desired chiral copper complex. 

Alternatively the desired copper complex can be precipitated as a 
green colored crystal by cooling the reaction solution at a temperature of 
ranging from -50 to +30"C, preferably '10 to 20"C. 
10 The copper complex may be also precipitated from the reaction 

solution by the addition of an aliphatic hydrocarbon solvent (e.g., hexane or 
heptane). The amount of the solvent to be used is 0.05 to 50 parts by weight, 
preferably 0.5 to 500 parts by weight per 1 part by weight of the solvent used 
for the preparation of the complex as above. After the addition of the solvent, 
15 the resulting mixture may be cooled thereafter to a temperature of 0 to 30**C. 

Said precipitated crystals of the chiral copper complex can be 
separated by filtration from the reaction mixture, and collected crystals may 
be further washed with said aliphatic or aromatic hydrocaxbon solvent (e.g., 
an aromatic or aliphatic hydrocarbon solvent such as toluene, hexane, 
20 heptane or the like), if necessary. The separated crystal can be subjected to 
high-performance liquid chromatography or elemental analysis to calculatie 
the yield or purity thereof. 

The chiral copper complex can form an addiict with a prochiral olefin 
of formula (5). Said adduct can be obtained by contacting the isolated chiral 
25 copper complex with the prochiral olefin of formula (5) or by using the 
prochiral olefin as a solvent to produce the chiral copper complex. The adduct 
can be used as a catalyst in the cyclopropanation reaction. 

The chiral copper complex having an optically active 
salicylideneaminoalcohol compound of formula (l) wherein Ri and R2 are the 
30 same or different and independently represent an alkyl group, an aralkyi 
group, a phenyl group, a 2-methoxyphenyl group, a 
2'tert-butoxy-5"tert'butyIphenyl group or a 2-octyIoxy-5-tert-butylphenyl 
group, and Xi represents a nitro group and X2 is a hydrogen atom, Xi 
represents a chlorine atom and X2 is a chlorine atom, or Xi represents a 
35 hydrogen atom and X2 is a fluorine atom as shown by formula (l)* above can 
be obtained in a crystal form. 
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A description will be made to the process for producing optically 
active cyclopropanecarboxylic acid ester of formula (4) as defined above 
comprisixig reacting a prochiral olefin of formula (5) with a diazoacetic acid 
ester of formula (6) in the presence of a chiral copper complex thus obtaiixed. 
5 Examples of the alkoxy group represented by Rsi R4. Rs or Re of the 

prochiral olefin include an alkoxy group having 1 to 3 carbon atoms such as a 
methoxy, ethoxy, n-propoxy, i^ropoxy, or the like. 

Examples of the alkyl group which may be substituted with a halogen 
atom or an alkoxy group include 
10 a linear or branched alkyl group having 1 to 10 carbon atoms such as 

a methyl, ethyl, n -propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, 
n-pentyl, n-hexyl, n-heptyl, n^octyl, n nonyl, or n^decyl group, 

an alkyl group substituted with a halogen atom such as a fluorine 
atom, a chlorine atom, a bromine atom and the like a haloalkyl group such as 
15 a chlOTomethyl, dichloromethyl, trichloromethyl, difluoromethyl, 
trifluoromethyl, 2,2,2-trichloroethyI group or the like), 

an alkyl group substituted with an alkoxy group such as a methoxy, 
ethoxy, n^propoxy, i"propoxy group or the like. 

Examples of the alkylene group formed by Ra and R4, or R5 and Re 
20 include an alkylene group having 2 to 4 carbon atoms such as dimethylnene, 
trimethylene, or tetramethylene group. 

Examples of the alkenyl group which may be substituted with a 
halogen atom, an alkoxy group or an alkoxy carbonyl group, of which alkoxy 
may be substituted with a halogen atom or atoms, represented by Rs. R4, Ra 
25 include 

a linear or branched alkenyl groups having 1 to 10 carbon atoms such 
as an ethenyl, propenyl, 2-methylpropenyI, 1-butenyl, 2-butenyl, or hexenyl 
group, 

a haloalkenyl group, which is the above-described alkenyl group 
30 substituted with the above-described halogen atom or atoms, such as a 
chloroethenyl group, a chloropropenyl group, 2,2-dichloroethenyl group, 
2,2-difluoroethenyl group or the like, 

an alkoxy(CrC3)carbonyl substituted alkenyl group such as 
2^methoxycarbonyl-2-methylethenyl group, 
35 2"ethoxycarbonyl-2-methylethenyl group, 

2"(l, 1, l,3,3,3-hexafluoroi8opropoxycarbonyl)" 1-methylethenyl group or the 
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Specific examples of the prochiral olefin (5) include 
propene, 1-butene, isobutylene, 1-pentene, 1-hexene, l-octene, 
4-chloro-l-butenG, l-cliloro-2-mGthylpropene, 2-pentene, 2-heptene, 

5 2-nietliyl'2"butGne, 2,5-dimethyl"2,4-hGxadiene, 

2"cliloro"5-methyl"2,4'hexadiene, 2-fluoro-5'methyl-2,4-hexadieiie, 
l,l,l'trifluoro-5'methyl"2,4'hexadiGne, 
l,l,l"trifluoro-2-chloro-5-metliyl-2,4-hGxadienG, 
2"methoxycarbonyl-5-methyl-2,4*hexadiene, 

10 2 ' ethoxy carbonyl- 5 ■ methyl" 2 . 4 -hexadiene , 

l,l"di£luoro-4-methyl"l,3-peiitadiene, l,l-dichloro-4-mGthyM,3-pentadieiie, 
1, l^dichloro-2,4-dimethyl- 1,3-pGntadiene, 2-methyl-2,4-hexadiene, 
2,3-dimethyl-2-pentGne. l,l,l-trichloro'4-methyl-3-pentGJae and the like. 
l,l-dibroino'4-methyM,3'pGntadiene, 

15 l-chloro-l-fluoro-4-methyl-l,3-pentadiene, 

l-chloro-l"(4-chlorophenyl)-4-inGthyl-l,3-pentadiene, 
l-fluoro"l-bronio-4-inethyM,3-pentadinene, 

2(1, 1, 1 , 3, 3, S-hexafluoroisopropoxycarbonyl) ■ 5-mGthyl' 2,4'hexadiene, 
1- mGthoxy"4"methyM,3-pentadiene, 
20 l-ethoxy-4-mGthyM,3-pentadienG, 
l-propoxy-4-inethyM,3-pentadien6, 
l-fluoro'l"methoxy-4"methyM,3"pentadien6, 

1- fluoro-l"8thoxy-4'methyl-l,3pentadiene, 
l^fluoro-l-propoxy-4-methyM,3-pentadiene, 

25 l,l,l-tribromo-4-methyl-3-pentene, 2-bromo-2,2-dimethyl-4-hexene, 

2- chloro"2,5-dimethyl-4-hexene, l-methoxy2-mGthyl" l"propei\e, 
l'ethoxy2-mGthyl-l -propene, l-propoxy2"mGthyM"propGx>e, 
l-methoxy''8-methyl-2-butenG, l-ethoxy-3-methyl-2"butene, 
l'propoxy"3'methyl"2-butene, l,l-dimethoxy3-methyb2-butene, 

30 l,l"diethoxy"3"methyl-2-butene, isopropylidenecyclopropane, 

isopropylidenecyclobutane, 2-methyl-4"cydopenthylideue"2-buten, 

isopropylidenecyclopentanG and the like* 

Preferably, R3 and R4, or R5 and Re represent a methyl group. MorG 

prGferred prochiral olefins are isobutyleue and 2,5-dimethyl-2,4-hexadiene. 
35 Examples of the alkyl group having 1 to 8 carbon atoms represented 

by R7 in the diazoacetic acid ester of formula (6) include 



11 



JAN-19-'01 12:45 TO:B S K B 



FROM:SC INTELEC CO 



R:905 



P. 



a methyl group, an ethyl group, a n-propyl group, an isopropyl group, 
a n-butyl group, an isobutyl group, a sec butyl group, a tert-butyl group, a 
n-pentyl group, a n-hexyl group, a n^octyl group and the like. 

Examples of the cycloalkyl group which may be optionally substituted 
5 with a lower alkyl group include a cyclohexyl group, a bmenthyl group, a 
d-menthyl group, an adamantyl group. 

Examples of the phenyl group which may be optionally substituted 
with a lower alkyl group, a lower alkoxy group or a phenoxy group 
represented by R? in formula (6) include a phenyl group, 2-methylphenyl 
10 group, 3,5-dimethylphenyl group, 4-3nethyl-2,6-di-tert-butylphenyl group, 
2-methoxyphenyl group, 3,6-dimethoxyphenyl group and the like. 

Examples of the benzyl group which may be optionally substituted 
with a lower alkyl group, a lower alkoxy group, a phenoxy group or a halogen 
atom, represented by Rv in formula (6) include a 3-phenoxybenzyl group, 
15 2-methyl-3-phenylbenzyl group, 2,3,5,6-tetrafluorobenzyl group, 
2,3,5,6-tGtrafluoro-4-methylbenzyl group and the like. 

Examples of the lower alkyl group which may be present on the 
cycloalkyl group or on the phenyl group include a (Cl'C4)alkyl group such as 
a methyl group, an ethyl group, a n-propyl group, an i-propyl group, a n-butyl 
20 group, an rbutyl group, a sec-butyl group, and a t-butyl group. 

Examples of the lower alkoxy group which may be present on the 
phenyl group include a (Cl-C4)alkoxyl group such as a methoxy group, an 
ethoxy group> a n-propoxy group, an i-propoxy group, a n butoxy group, an 

1- butoxy group, a secbutoxy group, and at-butoxy group. 
25 Preferred are a (Cl-C6)alkyl group, 

a phenyl group which may be optionally substituted with a lower 
alkyl groupj a lower alkoxy group or a phenoxy group such as a phenyl group, 

2- methylphenyl group, 3,5-dimethylphenyl group, 
4-methyl-2,6"di"tert-butylphenyl group, 2-methoxyphenyl group, 

30 3,5^dimethoxyphenyl group, 

a cyclohexyl group, a 1-menthyl group, a d-menthyl group, and 
2,3,5,6-tetrafluorobenzyl group and 3"phenoxybenzyl group. 
Specific examples of the diazoacetic acid ester of formula (6) include 
ethyl diazoacetate, n-propyl diazoacetate, tert-butyl diazoacetate, phenyl 
35 diazoacetate, 1-menthyl diazoacetate, 4-methyl-2,6'di-tert-butylphenyl 
diazoacetate, 2.3,5,6-tetrafluorobenzyl diazoacetate, 3-phenoxybenzyl 
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diazoacetate and the like. 

Said diazoacetic esters of formula (6) is commercially available or 
may be prepared by the known method such as a method of reacting 
corresponding amino acid eeters with a diazotizing agent prepared from 

5 sodium nitrite and mineral acids may be used. 

The reaction of prochiral olefin of formula (5) with diazoacetic esters 
of formula (6) in the presence of the prepared chiral copper complex catalyst 
is usually performed by adding the diazoacetic ester of formula (6) to a 
mixture of the copper complex catalyst and the prochiral olefin of (5) and 

10 optionally in a solvent. As described above, the present reaction may be 
performed in the presence of a reducing agent such as phenylhydrazine or the 
Uke. 

An amount of prochiral olefin of formula (6) to be used is usually 1 or 

mole or more per mol of the diazoacetic acid ester of formula (6). The upper 
15 limit thereof is not particularly limited and, for example, a large excess 

amount may be used so as to serve as a reaction solvent. 

An amount of the copper complex catalyst to be used is usually 0.001 

to 5 mole %. preferably 0.03 to 1 mole % in terms of copper relative to the 

diazoacetic ester of formula (6). 
20 Examples of the solvent to be used include a halogenated 

hydrocarbon such as 1,2-dihloroethane, chloroform, carbon tetrachloride or 

the like, 

an aliphatic hydrocarbon such as hexane, heptane, cyclohexane and 
the like, 

25 an aromatic hydrocarbon such as benzene, toluene, xylene and the 



an ester such as methyl acetate, ethyl acetate and the like, and a 
mixture thereof. Alternatively, the prochiral olefin (5) may be used as a 
solvent. 



preferably 3 to 30 parts by weight per 1 part by weight of the diazoacetic 
ester (6)» 

A reaction temperature is usually -20 to 150°C, preferably -10 to 
IZO^C. In addition, the reaction is usually performed under an inert gas 
35 atmosphere such as a nitrogen gas or the like and the inert gas may contain, 
for example, 5% or less oxygen gas. In addition, the reaction can be 



like, 



30 



An amount of a solvent to be used is usually 2 to 50 parts by weight, 
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conducted iix the presence of excess amount of peroxide, for example, 20 moles 
or less, preferably 10 moles or less of peroxide per mol of the copper complex 
in the reaction without accompanying substantial adverse effect. 
After completion of the reaction, the optically active 
5 cyclopropanecarboxjrlic acid ester derivative of formula (4) can be separated 
by distillation or the like, which may be further subjected to ester hydrolysis 
or the like, or may be further purified, for example, by distillation, column 
chromatography or the like, if necessary. 



Examples of the optically active cyclopropanecarboxylic acid esters of 



10 formula (4) include optically active 

methyl 2-methylcyclopropanecarboxylate, 

ethyl 2-methylcycloprop anecarboxylate, 

n-propyl 2-methylcyclopropanecarboxylate , 

isopropyl 2-methylcyclopropanecarboxylate, 
15 isobutyl 2*methylcyclopropanecarboxylate, 

tert-butyl 2-methylcyclopropanecarboxylate, 

cyclohexyl 2 -methylcyclopropanecarboxylate, 

menthyl 2-methylcyclopropanecarboxylate, 

(4-methyl"2,6-di-tert-butylphenyl) 2-methylcyclopropanecarboxylate, 
20 methyl 2,2-dimethylcyclopropanecarboxylate, 

ethyl 2,2-diinethylcyclopropaBecarboxylate, 

n-propyl 2,2"dimethylcycbpropanecarboxylate, 

isopropyl 2,2-dimethylcyclopropanecarboxylate, 

isobutyl 2,2- dimethylcycloprop anecarboxylate , 
25 tert-butyl 2,2'dimethylcyclopropanecarboxylate, 

cyclohexyl , 2 , 2- dime thy Icy clopropanecarboxylate , 

menthyl 2,2- dime thylcycloprop anecarboxylate , 

(4-methyh2,6'di-tert-butylphenyl) 2,2-dimethylcyclopropanecarboxylate, 
methyl 2.2"dimethyl-3 (2-methyl" l-propenyl)cyclopropanecarboxylate, 

30 ethyl 2,2-dimethyl- 3 - (2-methyl" I'propenyOcyclopropanecarboxylate, 
n-propyi 2,2-dimethyl'3-(2-methyM-propGnyl)cyclopropanecarboxylate, 
isopropyl 2, 2 -dimethyl- 3 • (2 methyh 1 -propenyDcyclopi'opanecarboxylate , 
isobutyl 2,2-dimetyl-3-(3"mGthyl- 1 -propenyl)cyclopropanecarboxylate, 
tert-butyl 2,2"dimethyl-3-(2"methyM-propenyl)cyclopropanecarboxylate, 

36 cyclohexyl 2,2-dimGthyl-3-(2-methyM-propenyl)cyclopropanecarboxylate, 
menthyl 2,2'dimethyl'3-(2-methyM-propenyl)cyclopropanecarboxylate, 
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(4-methyl-2,6-(U-tert^butylphenyl)2,2-dimethyl-3<2-met^^^ 
cyclopropanecarboxylate, 

(3"phenoxybenzyl) 2,2-dimethyl-3-(2-methyM-propeiiyl)'- 
cyclopropanecarboxylate, 
5 (2,3,5,6-tetrafluoro-4-inethoxymethylbenzyl) 2,2-dimethyI-3- 
(2'metbyM"pi'Openyl)cyclopropanecarboxylate, 

methyl 2,2-diinetliyl-3-(2,2-dicliloro'l-ethenyl)cyclopropanecarboxylatG, 
ethyl 2,2'diiiiethyl- 3-(2,2-dichloro- l-ethenyl)cyclopropanecarboxylate, 
n-propyl2,2"dimethyl"3-(2,2-dichloro-l'ethenyl)cyclopropanecarboxylate, 

10 isopropyl 2,2*dimethyl-3^(2,2-dichloro-l"ethenyl)cyclopropaiiecarboxylate, 
isobutyl 2,2-dimethyl"3-(2,2-dichloro-l-ethenyl)cyclopropanecarboxylate, 
tert-butyl 2,2-dimGthyl-3^(2,2-dichloro- l-ethenyDcydopropanecarboxylate, 
cyclohexyI2,2-dimethyl-3-(2,2-dichloro-l-etheiiy0cyclopropanecarboxylate, 
menthyl 2,2-dimGthyl-3-(2,2-dichloro-l-ethenyl)cyclopropanecarboxylatG, 

15 (4"methyl-2,6-di-tert-butylphenyl) 2,2-diinethyl-3-(2,2'dichloro-l-ethenyD- 
cycloprop anecarboxylate , 

(3-pheiioxyben2yl) 2,2-diroiethyl"3-(2,2-dichloro-l"ethenyl)cyclopropaue- 
carboxylate, 

(2,3,5,6-tetrafluoro-4"methoxymethylbenzyl) 2,2-diraethyl-3- 

20 (2,2-dichloro-l-ethGnyl)cyclopropaiiecarboxylate, 

ethyl 2.2-dimethyl"3<2,2-dibromo-l-etheiiyl)cyclopropaixecarboxylate, 
methyl 2,2-dimethyl-3-(2,2,2-trichloroethyl)cyclopropanecarboxylate, 
ethyl 2,2-dimethyl-3-(2,2,2-trichloroGthyl)cyclopropanecarboxylate, 
n-propyl 2,2-dimethyl-3-(2,2,2-trichloroethy0cyclopropanecarboxylate, 

25 isopropyl 2,2-dimethyl-3-(2,2,2-trichloroethyl)cyclopropaiiecarboxylate, 
isobutyl 2,2-diinGthyl-3-(2,2,2-trichloro6thyl)cyclopropanecarboxylatG, 
tert-butyl 2,2-dimethyl-3-(2,2,2-trichloroethyl)cyclopropanecarboxylate, 
cyclohexyl 2,2'dimethyl'3-(2,2,2-trichloroethyDcyclopropanecarboxylate, 
menthyl 2,2-diinGthyl*3-(2,2,2-trichloroethyl)cyclopropanecarboxylate, 

30 (4-methyl-2,6-di-tert-butylphenyl) 2,2-dimethyl-3-(2,2,2-trichloroethyD- 
cycloprop anecarboxylate 

(3-pb6noxybenzyD 2,2-dimethyl-3-(2,2,2-trichloroethyI)cyclopropanG- 

carboxylate, 

(2,3,5,6'tetrafluoro-4-methoxymethylbGnzyl) 2,2'dimethyb3- 
35 (2,2,2-trichloroGthyl)cyclopropanecarboxylatG, 

methyl 2,2-dimethyl-3'(2-carboethoxyl-propenyl)cyclopropanGcarboxylate, 
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ethyl 2,2-dimethyl-3-(2-carbomethoxy" l-propenyl)cyclopropanecaxboxylate, 
n-propyl 2,2-dimethyl-3-(2-carboethoxy-l-propeny])cyclopropanecarboxylate, 
isopropyl 2,2-dimethyl-3'(2"carbomethoxy l*propenyl)cyclopropane- 
carboxylate, 

5 isobutyl2,2-dimethyl-3-(2"carboethoxy-l-propenyl)cyclopropanecarboxylate, 
tert-butyl 2,2-dimothyl-3'(2"carboinethoxy"l^propeiiyl)cyclopropane- 
carboxylate, 

cyclohexyl 2,2-diinethyV3-(2-carboethoxy-l-propGnyl)cyclopropanecarboxylate, 
raenthyl 2,2'dmiethyl"3-(2-carbomethoxy- l^propenyOcyclopropane- 
10 carboxylate, 

4-inethyl-2,6-di-tert-butylphenyl 2,2-dimethyl'3-(2-carboethoxy- 
l-propenyl)cyclopropanecarboxylate 

(3"phenoxyben2yl) 2,2-dimethyl-3'(2-carbomethoxy-l'propenyl)- 
cyclopropanecarboxylate, 
15 (2,3,5,6-tetrafluoro-4-methoxymetliylbenzyD 2,2-dimethyl-3-(2-carboethoxy 
l-propenyOcyclopropane^carboxylate, 

ethyl 2,2-dimGthyl-3-(2-cWoro-2-(4-chloropeny0-l-ethGnyl)cyclopropane- 
carboxylate , 

ethyl 2,2-dimethyl-3 (2-chloro-2"tri£luoromethyl-l"etheuyl)cydopropane- 

20 carboxylate and the like. 

The optically active salicylideneaminoalcohol compovind of formula (l) 
contained in the residue after isolating the optically active 
cyclopropanecarboxylic acid ester derivative of formula (4) can be recovered 
by subjecting the residue to crystallization treatment, column 

25 chromatography or the like. 

Examples 

The present invention wiU be illustrated by way of the following 
Examples but are not to be construed to limit the present invention thereto. 



Example 1 

1.60 g of (R)"2-amino-l,l-di(2-methoxyphenyl)-lTi^opanol, 0.98g of 
2-hydroxy-5-nitrobenzaldehyde and 30 ml of toluene were mixed under a 
nitrogen atmosphere, and the mixture was stirred at 80°C for 1 hour. 
35 Thereafter, toluene was distilled off, followed by crystallization to obtain 1,35 
g of {R)-N'(5-nitrosalicylideue)-2-amino- 1, l"(2"methoxyphenyl)"l"propanol. 



30 
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Yield 74% 

^H'NMR (CDCI3, TMS, ppm) 

6 : 1.41 (d, 3H, J=6.6Hz), 3.62 (s, 6H), 5.26 (s, IH), 5.66 (s, IH), 
5 6.65-7,27 (m, 8H), 7.52-7.67 (m, 2H), 8.03-8.10 (m, 3H) 

Example 2 

66.12 g of 2,5-dimethyl-2,4'iiexadiene and 4 |jig of phenyUhydrazine 
were added to a 100 ml Schlenk tube pm^ged with nitrogen, to which were 

10 dropwise added a toluene solution of a copper complex prepared from 3.59mg 
of copper acetate monohydrate and 17.46 mg of (R)'N"(5"nitro8alicylidene)- 
2-amiiiO"l,l"di(2-methoxyphenyl)-l-propanol, and a 9.9 g of a 2,5-dimethyl- 
2,4-hexadiene solution containing 2.28 g of ethyl diazoacetate over 2 hours at 
SO'^C, respectively. Then, the mixture was stirred at the same temperature 

15 for 30 minutes. Gas chromatography analysis of the resulting reaction 
mixture showed that the yield of ethyl 2,2"dimethyl-3-(2"methyl- 
l-propenyl)cyclopropanecarboxylate was 97.4% and a trans/cis ratio was 
59/41. It was shown by hquid chromatography analysis that optical purity 
of a (+)"trans"isomer was 56%ee and (+)-cis-isomer was 50%ee. 

20 The reaction mixture was concentrated under reduced pressure to 

give a residue, which was analyzed by liquid chromatography. The recovery 
rate of the N'(5-nitrosalicylidene)-2-amino-l,l"di(2-methoxyphenyD- 
l"propanol remaining in the residue was 22% (relative to employed 
(R)-N-(5-nitroBalicylidene)'2'amino-l,l^di(2"methoxyphenyl)"lpropanol). 

26 

Comparative Example 1 

Ethyl 2,2-diniethyl-3-(2-methyl- I propenyDcyclopropanecarboxylate 
was produced in 96.2% according to a similar manner as in Example 2 except 
that 14.60 mg of (R) N"salicyliden-2-amino-l,l-di(2-methoxyphenyl)-l- 

30 propanol was used instead of 17.46 mg of (R)-N-(5-nitrosalicylidene)- 

2"amino-l,l-di(2-methoxyphenyD'l-propanoL A trans/cis ratio was 60/40. 
The optical purity of a (+)-trans-isomer was 35%ee and the optical purity of a 
(+)"Ci8-isomer was 36%eG. 

In addition, the recovery rate of the N'Salicyliden-2-amino-l,l- 

35 di(2-methoxyphenyl)"l-propanol was 5% (relative to the employed 
N-salicyUden'2-amino-l,l-di(2-methoxyphenyl)-VP^opanol). 
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Example 3 

2.00 g of (R)-N-(3,5-dichloro3aUcylidenG)-2-ainmo-l,l- 
di(2-inetlioxyphenyl)-l-propanol wa8 obtained by a similar manner as in 
5 Example 1 except that 1.12 g of 2-hydroxy3.5-dicbloroben2aldeliyde was 
used instead of 0.98 g of 2-hydroxy-5-nitrob6nzaldehyde. Yield 78% 

iH-NMK (CDCI3, TMS, ppm) 

d ; 1.35 (d, 3H, J=6.6H2). 3.56 (d. 6H), 5.14 (q, IH), 6.54 (s, IH), 
10 6.71-7.28 (m. 9H). 7.50-7.69 (m, 2H), 7.98 (s, IH) 

Example 4 

2.0 gof (l0-2-amino-l,l-diplienyl-l-propanol, 1.47 gof 2-hydroxy- 
S-nitrobenzaldehyde and 30 ml of methanol were mixed, and the mixture was 
stirred at SO-C for 1 hour. Thereafter, the mixture was cooled to 20'C and 
the deposited crystals were collected by filtration. The collected crystals 
were washed with methanol and dried to give 3.22 g of (R)-N-(5- 
nitrosaUcylidene)-2-amino-l,l-diphenyl-l-propanol. Yield 97.2% 

20 iH-NMR (GDCI3, TMS, ppm) 

6 ; 1.29 (d, 3H, J=6.6Hz), 2.61 (s, IH). 4.65 (q,lH.J=6.6Hz), 6.82-6.89 (m,lH),: 
7.20-7.54 (m, lOH), 8.12-8.15 (m, 2H), 8.26 (s, IH) 

Elemental analysis 
25 Found : C 70.1%. H 5.4%, N 7.4%. 
Calcd : C 70.2%, H 5.3%, N 7.5%. 

Example 5 

66.12 g of 2,5-dimethyl-2,4-hexadien6 and 4 |xg of phenylhydrazine 
30 were added to a 100 ml Schlenk tube purged with a nitrogen gas having the 
oxygen concentration of 1%, and the mixture was stirred at SO'C for 30 
minutes. Thereafter, a toluene solution of a copper complex catalyst 
prepared from 3.59 mg of copper acetate monohydrate and 8.73 mg of 
(R)-N-(5-mtrosalicyUdene(2-amino'l.l-di(2-methoxyphenyl)-l-propanol, and a 
35 9.9 g of a 2,5'dimethyl-2,4-hexadienG solution containing 2.28 g of ethyl 
diazoacetate were added dropwise at the same temperature over 2 hours, 
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respectively. Thereafter, the mixture was further stirred and kept at the 
same temperature for 30 minutes, the resulting reaction m^ixture was 
analyzed by gas chromatography, which revealed that the yield of ethyl 
2,2-dimethyl-3 (2"methyVl-propenyl)cyclopropanecarboxylate was 93.5% and 
5 a trans/cis ratio was 59/41. The optical purity of (+)-traiis-isomer was 56%e.e. 
and 49%e.e. for a cis compound. 

Comparative Example 2 

Ethyl 2.2-dimethyl-3^(2-methyl- l^propenyOcyclopropanecarboxylate 
10 was produced according to a similar manner a$ that of Example 5 except that 
7.83 mg of N"sahcylidGne-2-amino'l,l-di(2-methoxyphenyl)-l-propanol wag 
used instead of 8.73 mg of N-(5"nitrosalicylidene)•2-amino^l,l- 
di(2^methoxyphenyl)■l"propanoI, The yield was 89.3% and a trans/cis ratio 
was 60/40. The optical purity of (+)-tran8-isomer was 34%6e and the optical 
IS purity of (H-)-cis-ieomer was 35%ee. 

Example 6 

Ethyl 2,2-dimethyl-3-(2-methyM-propenyl)cyclopropanecarbox}datG 
was produced according to a similar manner as that of Example 5 except that 
20 the reaction was performed in the presence of 0,066 g of cumene 
hydroperoxide which is an oxydizing agent and a 100 ml Schlenk tube piurged 
with a nitrogen gas in Example 5. The yield was 95.8%, and trans/cis ratio 
was 58/42. The optical purity of (+)-traus^isomer was 61%ee and that of 
(+)-cis-isomer was 53%eG. 

25 

Comparative Example 3 

Ethyl 2,2"dimethyl-3-(2-niethyl- l-propenyl)cyclopropanecarboxylate 
was produced according to a similar manner as that of Comparative Example 
2 except that the reaction was performed in the presence of 0.066 g of curaene 
30 hydroperoxide which is an oxydi^ing agent and a 100 ml Schlenk tube purged 
with a nitrogen gas in Compatative Example 2. The yield was 94.2% and a 
trans/cis ratio was 60/40. The optical purity of a W'trans* isomer was 
86%e.e. and that of (+)-cis-isojuer was 36%e.e. 

35 Example 7 

Ethyl 2,2-dimethyl-3^(2"raGthyM-propenyl)cyclopropanecarboxylate 
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was produced according to a similar manner ae that of Example 6 except that 
an amount of cumene hydroperoxide to be used was 0.26 g in Example 6, The 
yield was 81.1% and a trans/cis ratio was 59/41. The optical purity of 
(+)-trans-isomer was 46%e.e. and that of (+)■ cis-isomer was 38%e,e. 

5 

Comparative Example 4 

Ethyl 2,2-dimethyl-3-(2-methyM-propenyl)cyclopropanecarboxylate 
was produced according to a similar manner as that of Comparative Example 
3 except that an amount of cumene hydroperoxide to be used was 0.26g in 
10 Comparative Example 3. The yield was 8.5% and a trane/cis ratio was 69/41. 
The optical purity of (+)"trans-isomer was 21%e.e. and that of (+) -cis-isomer 
was 20%e,e. 

Example 8 

15 Ethyl 2,2-dimethyl-3-(2-methyM"propenyl)cyclopropanecarboxylate 

was obtained in a similar manner as in Example 2 except that 5.22 mg of 
(R)'N-(3,5'dichlorosalicylidGne)-2-amino-l»l-di(2-methoxyphenyD-l- 
propanol was used instead of (R)-N-(5-nitro6alicylidene)-2"amino-l,l- 
di(2-methoxyphenyl)-l-propanol. The yield was 94.2% and a trans/cis ratio 

20 was 60/40. The optical purity of (+)-trans4somer was 65%e.e, and that of 
(+)-cis-isomer was 60%e.e. 

Example 9 

66.12 g of 2,5-dimethyl-2,4-hexadiene and 4 \ig of phenylhydrazine 
25 were added to a 100 ml Schlenk tube purged with nitrogen, a toluene solution 
of a copper complex catalyst prepared from 22,9 mg of a copper 
naphthenate/toluene solution containing 5 % by weight of copper metal 
copper and 7.53 mg of N (5-nitro8alicylidene)-2-amino-l,l-diphenyM- 
propanol, and 9.9 g of a 2,5'dimethyl-2,4-hexadiene solution containing 2,28 g 
30 of ethyl diazoacetate were added drop wise at 80*' C over 2 hours, respectively. 
Thereafter, the mixture was stirred and kept at the same temperature for 30 
minutes, the resulting reaction mixture was analyzed by gas chromatography. 
The yield of ethyl 2,2-dimethyl-3^(2-methyM-propenyl)cyclopropane- 
carboxylate was 96,3% and a trans/cis ratio was 61/39. The optical purity 
35 linalyzed by liquid chromatography was 52%e.e. for (+)-trans-isomer and 
44%e.e. for (+)" cis-isomer. 
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Example 10 

3.8 g of (R)-2-amino-l,l"di(2-methoxyphenyl)"l-propanol, 2.0 g of 
2-hydroxy-3'fluorobeuzaldehyde and 22 g of toluene were mixed and warmed 

5 . to 80*C and stirred at the temperatvire for Ihr. Solvent was evaporated to 
give crystals, After 12 g of toluene were added thereto and warmed to 
dissolve the crystals at SO'C, 6 g of heptane were added thereto and cooled to 
a room temperature. Deposited crystals were collected by filtration, and 
washed with a mixed solvent of 3 g of toluene and 1.6 g of heptane, dried to 

10 give 4.37 g of (R)-N"(3"fluorosalycyhdene)-2-amino-l, l-di(2-methoxyphenyl)- 
1-propanol as yellowish powder. Yield: 80.7%. Mp. 116-^ 118t^ 

iH-NMR (CDCI3, TMS, ppm) 

6 : 1.34 (d. 3H), 3.56(d, 6H), 5.14(q, IH), 5.49(s, IH), 6.47-7.26(m, 9H), 
15 7.56-7.68(m, 2H), 8.16(s, IH). 

Example 11 

0.97 g of (R)-2'amino-l,l"di(2-n"butoxy'5"tert'butylphenyl)-l"propanol, 
and 0.33 g of 2-hydroxy"5-nitrobenzaldehyde were dissolved in a mixed 
20 solvent of 20 ml of ethanol and 20 ml of toluene, and reflvixed for 1 hr, and 
the reaction mixture was evaporated to give 1.2 g of (R)-N-(5-nitro" 
salycylidene)-2-amino-l,l"di(2-n*butoxy-5'tert-butylphenyl)-l'propanol as 
yellowish powder. 

Yield: 94.9%, Mp. 67.9t:. [ a]546 -308° (c=:0.1 % Chloroform). 



^ H-NMR (CDCI3, TMS, ppm) 

6 :0.87 - 0.93(m, 6H), L15(s, 9H), 1.29-L31(m, 4H), 1.33(s, 9H)> 1.36(s, 3H). 
1.46 -1.56(m, 4H), 3.72 ^3.85(m, 4H), 6.63^8.05(m, 9H), 8.57(s, IH). 

30 Elemental analysis 

Found : C 71,5%. H 8.1%, N 4.6%. 
Calcd : C 72.2%. H 8.2%, N 4.4%. 

Example 12 

35 Ethyl 2,2-dimethyI-3*(2-methyM-propenyl)cyclopropanecarboxylate 

was obtained in a similar manner as in Example 5 except that 9.2 mg of 
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(R)-N'(3,5^dichlorosalycyMen)"2-amino-lA-di(2-methoxyphenyl)'lTr^^ 
was UBed in place of 8,73 mg of (R)-N-(5-nitrosalycylid6n ) 
-2-ai3aiuo- l,l-di(methoxyphenyl)" 1-propanoL 

Yield MA %, Trans/cis ratio- 60/40, Optical pmrity of the trans-isonier:58 % 
5 e»e., Optical purity of cis-isoxner* 53 % e.e. 

Example 13 

Ethyl 2,2-dimethyl-3-(2-methyM'propenyl)cyclopropaiiG'carboxylate 
was obtained in a similar manner as in Example 5 except that 8.19 mg of 
10 (R)-N-(3-fluorosalycyhden)-2-amino'l,l-di(2-methoxyphenyl)-l-propanolwas 
used in place of 8.73 mg of (R)'N•(5-nittosalycyliden)"2•amino-l,l- 
di(methoxyphenyO' 1-propanoL 

Yield 98.6 %, Trans/Cis ratio: 60/40, Optical purity of the trans-isomer- 46 % 
e.e,, Optical purity of Cis i$omer: 43 % e.e. 



Example 14 

Ethyl 2,2-diniethyl-3*(2-methyl-l-propenyl)cyclopropane-carboxylate 
was obtained in a similar manner as in Example 7 except that 12.6 mg of 
(R)-N-(5 nitrosalycyUden)"2-amino-l,l-di(5-tert'butyl"2-n-butoxypheixyl)-l-pr 
20 opanol was used in place of 8,73 mg of (R)"N-(5-nitrosalycyUdeu ) 
"2-amino" 1, 1 " dKmethoxyphenyl) - 1 propanol. 

Yield 91.3 %, Trans/cis ratio- 56/44, Optical purity of the trang-isomer- 51 % 
e.e. Optical purity of cis-isomer: 35 % e.e, 

25 Example 15 

0»52 g of (R)-N-(5-nitrosalycylidene)"2*amino"l,l'di(5^tert'butyl-2-n- 
butoxyphenyl)-l-propanol prepared in Example 11, 0.164 g of copper acetate 
monohydrate and 40 ml of toluene were charged in a 100 ml glass flask, and 
the resulting mixture was reacted at 80C for 1 hr. After cooled to a room 

30 temperature, the reaction solution was transferred to a separatory funnel 
and thoroughly mixed with 30 ml of an aqueous sodium hydroxide solution, 
then settled and separated. Separated layer was washed twice with deionized 
water and separated organic phase was evaporated to give 0.53 g of copper 
complex as green powder. 

35 Decomposition Temp : 110 - ISO^C [ a]546 +314° ( c==0.1% chloroform) 
Elemental Analysis 



15 



22 



JAN-19-'01 12:45' fO:B S K B . . FROM:SC INTELEC CO R:905 P. 29/39 

-4 



Found: C 66.9%, H lA %, N 3.8 %, Cu 7.66 %. 
Example 16 

6.9 mg of the copper complGx prepared in Example 15, 10 ml of ethyl 
6 acetate and 1.1 mg of phenylhydrazme were charged in a 50 ml Schlenk 
glass tube reactor purged with nitrogen gas equipped with a magnetic stirrer 
to give a catalyst solution. 5 ml of the catalyst solution and 3.5 g of 
isobutyletie were charged in a 100 ml stainless steel autoclave purged with 
nitrogen gas, and to the resulting solution was added 10 ml toluene solution 
10 containing ethyl diazoacetate, of which content is 20 mmol, at 40'C for 2 
hrs. After stirring at the same temperature for 30 min, the reaction solution 
was cooled. Content of ethyl 2,2-dimethyl-3-(2'methyM-propeny])- 
cyclopropanecarboxylate was analyzed by gas-chromatography analysis. 
Yield: 91%. 

15 After hydrolysis of the obtained ester, the acid was derivatized to its 

I menthyl ester and the optical purity was measured to show 87 % e.e. 

Example 17 

9.8 g of (R)*N-(5-nitro3alicyUdene)'2-amino-l,l-di(2-methox5T?henyl)- 
20 I propanol, 4.0 g of copper acetate monohydrate, and 550 g of toluene were 
charged in a 100 ml glass flask and reacted at StfC for 1 hr. After being 
cooled to a room temperature, 8.7 g of 28 (wt)% sodium methylate were added 
thereto and stirred for 10 min. Then the reaction mixture was mixed with 
200 g of water and separated by a separatory funnel. Separated oil layer was 
25 evaporated to give 11.2 g of copper complex as green powder. 

Decomposition Temp : 158^165^:. [a] 546 +927° (c=0.1%, Chloroform) 
Elemental Analysis 

Found : G 60.1%, H 4.9%, N 5.2%, Cu 10.4% 

30 

Example 18 

0.5 g of the copper complex obtained in Example 17, 100 g of 
2,5-dimethyl"2,4-hexadiene were charged in a 100 ml glass flask, and reacted 
at SO'C for 1 hr under stirring. A green solid was precipitated on cooling the 
35 reaction mixture. Precipitated crystals were collected by filtration and dried 
to give 0.4 g of an adduct as green powder. 
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Elemental Analysis 

Found : C 61,1 %, H 5.3 %, N 5.0%, Cu 11.7%, 
Calcd: C 60.8 %, H 6.3 %, N 5.1 %, Cu 11.5 %. 
5 (Calcd as an adduct of two molecules of a copper complex and one molecule of 
2,5-dimetliyl-2.4-hexadiene) 

Example 19 

5,53mg of the adduct obtained in Example 18, 66.1 g of 
10 2,5"dimethyb2,4-hexadiene, and 4 u g of phenylhydra2ine were charged in a 
Schlenk tube purged with nitrogen gas, to the resulting mixture was 
dropwise added a 9.9 g of a solution of 2,5-dimethyl-2,4-hexadiene solution 
containing 2.3 g of ethyl diazoacetate over 2 hrs and kept at the same 
temperature for 3D min under stirring. The resulting reaction mixture was 
16 analyzed by gas-chromatography analysis. 2,2-dimethyl-3-(2-methyl-l'' 
propenyOcyclopropane-carboxylate was obtained in 97.2 % yield, Trans/cis 
ratio was 58/42. Optical purities of the traus-isomer and cis-isomer were 
62.5% e.e. and 53.2 % e.e. 

20 Example 20 

19.6 g (44,9 mmol) of (R)-N-(5-nitro8alicylidene)-2-amino-l,l" 
di(2-methoxyphenyl)"l-propanol, 8.96 g (44.9 mmol) of cupric acetate, and 
160 g of toluene were mixed in a flask and reacted at 80*C for 1 hr under 
stirring. The reaction solution was cooled to 10X3 and blue-green chrystalls 

25 were deposited. Deposited crystals were collected by filtration, washed with 
50 g of cold toluene, and dried at room temperature to give 19.1 g of a copper 
complex of (R)-N^(5'nitro6alicylidene)-2-aminO'l,l'di(2-methoxyphenyD- 
1-propanol in a yield of 82.0%. 

30 Example 21 

19.6 g (44.9 mmol) of (R)-N-(5-nitrosalicylidene)-2-amino-l,l' 
di(2'methoxyphenyl)-l*'propanol, 8.96 g (44.9 mmol) of cupric acetate, and 
160 g of toluene were mixed in a flask and reacted at 80X3 for 1 hr under 
stirring. 100 g of n"heptane were added to the reaction solution to precipitate 

35 blue-green chrystals. The precipitated reaction mixture was cooled to lOV 
and filtered to collect the crystals. Collected crystals were washed with 100 g 
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of n-heptane, and dried at room temperature to give 22.1 g of a copper 
complex of (R)-N-(5-ratro-salicylidene)"2*amino-l,l-di(2-methoxyphenyl)- 
l-propanol in a yield of 99.0%. 

5 Example 22 

0.46 of a copper complex of (R)-N"(3,5-dichlorosalicylid6ixe)-2- 
amino-l,l-di(2-metlioxyphenyD-l-propanol was obtained in a yield of 97.9% 
according to a similar manner as in Exaniple 21 except that 0,415 g (0.901 
mmoD of (R)-N-(3,5-dichlorosaHcylidene)-2-ammo-l,l-di(2-methoxyphGnyl)-l- 

10 propanol was used in place of (R)-N-(5-nitto8alicylideiie)"2-amino"l, I- 

di(2-methoxyphenyl)-l-propanol and 0,180 g (0,901 mmol) of cupric acetate, 
10 g of toluene, 10 g of n-heptane for precipitation of the crystals, 10 g of 
n-heptane for washing the crystals were used. 

15 Example 23 

0.434 of a copper complex of (R)-N-(5'nitro8alicyUdene)-2'amino-l,l' 
diphenyM-propanol was obtained in a yield of 99.1 % according to a similar 
manner as in Example 21 except that 0.376 g (1.00 mmol) of 
(R)-N-(5-nitrosalicylid6ne)-2-amino'l,l^diphenyl-l"pi^opanol was used in place 

20 of (R)-N-(5-nitrosaHcylidene)"2-amino-l,l"di(2'methoxyphenyD-lpropanol 
and 0.20g (1.0 mmol) of cupric acetate, 10 g of toluene, 10 g of n-heptane as a. 
poor solubility solvent, 10 g of n-heptane for washing the crystals were used. 

Example 24 

25 33.06 g (300mmol) of 2,5-diraethyl-2,4-hexadiene, 4.97 mg (0.01 

mmol) of a copper complex of (R)-N-(5"nitrosalicylidene)"2-amino^l,l' 
di(2-methoxyphenyl)-l-prop^ol were charged in a 100 ml Schlenk tube 
pm'ged with nitrogen gas and 4 jU g of phenylhydrazine was added thereto. 
1.14 g (10 mmol) of ethyl diazoacetate was added the resulting solution over 2 

30 hrs and stirred at the same temperature for 30 min. The gas 
chromatography analysis of the reaction solution showed that the yield of 
chrysanthemate was 97.6 %, trans/cis ratio was 58/42. High-performance 
hquid chromatography analysis showed that optical purity of the 
trans-isomer was 63 % e.e and cis-isomer was 57 % e.e. 
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Chrysanthemate was produced in a similar manner as in Example 24 
in a yield of 97.6 %, where trans-cis ratio was 60/40, trans-isomer was 61 % 
e.e and cis-isomer was 56 % e.e. except that 5.22 mg (O.Ol mtaol) of a copper 
complex of (R)-N-(3,5-dichlorosalicyKdene)-2-amino"l,l- di(2-methoxyphenyl)- 
5 I'propanol was used in place of 4.97mg of a copper complex of (R)-N-(5-nitro- 
salicylidene)-2-amino-l,l-di(2-methoxypheny0-l"pi^opfi^ol- 

Comparative Example 5 

1.0 g (2.56 mmol) of |R)'N-(5\itrosalicylidene)-2-amino"l,l-diphenyl- 
10 propanoljand 0.511 g (2.56 mmol) of dipric acetate were mixed in 5 g of 
toluene and reacted at SOT: for 1 hr/mder stirring. Then 50 g of ix-heptane 
was added thereto and cooled to 10^, which produced no precipitated product 
and remain as a clear solution. / 
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